cultivars (data not shown). PPDK is also present in the peel of cactus pear fruits, however, in these PPDK functions 140 in Crassulacean acid metabolism (CAM) associated with photosynthesis (Walker et al., 2011c) . In keeping with 141 previous work, PPDK polypeptide was not detected in extracts of the ripe flesh of several soft fruits, cherry, plum or 142 grape ( with one twentieth the FW of maize leaf and then subjected to SDS-PAGE and immunoblotting. In extracts of all 145 fruits co-extracted with maize leaf PPDK was detected, and this shows that PPDK was unlikely to be lost from the 146 fruit tissues (data not shown). 147
In addition to tomatoes, other solanaceous fruits of commercial importance are aubergines and peppers, and the 148 abundance of both PEPCK and PPDK was determined in their ripening flesh (Fig. 1B) . PEPCK was not detected in7 sweet pepper, however, it was present in aubergine in which its abundance was very low ( Fig. 1B ; a barely visible 150 band of the same molecular mass as PEPCK was present in the extract of the flesh of red pepper, this band was so 151 faint that it is not visible in the figure). Previously, very low amounts of PEPCK activity were measured in extracts of 152 aubergine fruits (0.002-0.005 U g -1 FW) (Blanke et al., 1988) , and this is about 10-fold less than in tomato flesh 153 (Bahrami et however, a very long exposure of the immunoblot showed that very low amounts of PPDK were present in the fruit 155 wall of pepper at both stages of development studied (Fig. 1B) . However, the band was so faint that it was not 156 possible to reliably determine whether its abundance was different at the two stages of development studied. 157
We attempted to measure PPDK activity in extracts of the fruits. In peach flesh although PPDK polypeptide has been 158 detected by immunoblotting its activity was not determined (Borsani et al., 2009; Lara et al., 2010 Lara et al., , 2009 ). We failed 159 to measure PPDK activity in the flesh of any of these fruits including tomato (the tissue was harvested and extracted 160 around noon). Previously we failed to measure PPDK in extracts of tomato flesh, and based on this it was stated that 161 there was no evidence for the presence of PPDK in this tissue (Bahrami et al., 2001) . To investigate this further we 162 co-extracted ripe fruit flesh with one twentieth its FW of maize leaf (also harvested around noon). This was done for 163 each fruit, and for all co-extractions we could measure a similar amount of PPDK activity as that which was present 164 in the maize leaf extracted alone. Hence it was unlikely that PPDK activity was lost after extraction of the fruit 165
tissues. An explanation for the failure to measure PPDK activity is that in many plant tissues a large proportion of the 166 enzyme is often present as a phosphorylated inactive form (Chastain et al., 2006) . For example, in the leaves of the 167 CAM plant Kalanchoë fedtschenkoi PPDK is only active at certain times during the day-night cycle, and for most of 168 the day-night cycle although PPDK protein can be detected its activity cannot be measured (Dever et al., 2015) . 169 Therefore, in tomato flesh it is possible that PPDK is often present in an inactive phosphorylated form, and is only 170 active at certain times or under certain conditions. 171
To have an approximate idea of the abundance of the PPDK polypeptide in tomato flesh different amounts of extracts 172 of either maize leaf or tomato flesh were subjected to SDS-PAGE and immunoblotting. Based on this the amount of 173 PPDK polypeptide mg -1 total protein in tomato flesh was about 3-12% of that in maize leaves and on a g -1 FW basis 174 8 0.2-0.8 % of maize leaves (data not shown). In maize leaves the activity of PPDK is of the order of 1.7 U g -1 FW 175 (Aoyagi and Bassham, 1984 In contrast to the present study (Fig. 2) , PPDK polypeptide was detected in extracts of ripe peach flesh by 179 immunoblotting, and this was using the same antibody as employed in the present study (Borsani et al., 2009; Lara et 180 al., 2010 Lara et 180 al., , 2009 ). An exposure of a western blot probed with the PPDK antibody at a dilution of 1/10 000 detected a 181 large band of PPDK in maize leaf but nothing in ripe peach flesh (Fig. 3A) . By contrast PEPCK was detected in both 182 tissues (Fig. 3A) . A western blot was done of extracts of peach flesh (from different stages of its development) and 183 maize leaves (Fig. 3B ). An exposure of the western blot, using PPDK antibody at a dilution of 1/10 000, detected a 184 large amount of PPDK in maize leaves but none in peach flesh (Fig. 3B) . The blot was reprobed using the PPDK 185 antibody at 1/1000, and a very long exposure showed that PPDK was present throughout the ripening of peach flesh 186 (Fig 5) . This shows that in peach flesh PPDK is at low abundance and must be at the very most 10-times less apply to the flesh of cherry, plum and apricot. Thus PEPCK activity in the flesh of these stone fruits is likely over 190 100-times higher than that of PPDK. Previous studies of both grape and some soft fruits did not detect PPDK in their 191 flesh, and it was concluded that the enzyme was either not present or at low abundance (Famiani et al., 2014b (Famiani et al., , 2005 . 192
The results of the present study suggest that if PPDK is present in the flesh of these fruits, then at most its abundance 193 is similar to that in peach flesh. Thus in the flesh of these PEPCK activity should be at least 35-times higher than that 194 of PPDK. Therefore, as previously suggested in the flesh of all the aforementioned fruits, apart from tomato, the bulk 195 of the gluconeogenic flux should utilise PEPCK and not PPDK. Of course this does not rule out the possibility that in 196 the flesh of these fruits under certain conditions (eg low O 2 ) the abundance of PPDK increases (Lara et al., 2010 locular gel and columella of tomato fruits, however, its abundance was lower in the skin of green fruits (Figs. 4, 5A) . 201
The abundance of PPDK g -1 FW was lower in very young flesh (fruit FW 10% of that of ripe fruit) than in the flesh 202 of fruits later in development (Fig. 5B) . Except for in the skin of green fruits, in which its abundance was lower, the 203 abundance of PPDK g -1 FW was comparable in the different tissues of both green (developmental stage 2) and ripe 204 tomatoes (developmental stage 4) (Fig. 5A) . PEPCK was present in comparable amounts g -1 FW in the flesh, locular 205 gel and columella (Fig. 5A ). In the skin of green fruits the abundance of PEPCK g -1 FW was lower than in the other 206 tissues, and in red fruits slightly higher (Fig. 5A ). In the flesh of red fruit the abundance of PEPCK was lower than in 207 the other tissues ( FW did not increase in senescing leaves of tomato that were attached to the plant (data not shown), and similarly 241 PPDK g -1 FW did not increase in senescing cucumber cotyledons that were attached to the plant (Chen et al., 2000) . 242
In tomato leaves the content of PPDK g -1 FW declined greatly in leaves detached and incubated under darkness ( 
256
FW increases during the senescence of leaves from both different species and different tissues would be informative. 257
Nevertheless, these considerations do not affect the proposal that PPDK functions in amino acid metabolism in some 258 senescing leaves (Taylor et al., 2010) , and this is because irrespective of whether PPDK g -1 FW increases during 259 senescence it is still present. 260
In tomato leaves, detached from the plant and incubated under darkness, as in barley leaves and cucumber cotyledons 261 (Chen et al., 2000) , there was a large decrease in the content of total polypeptides and in the abundance of PEPC and 262 Rubisco (Fig. 8) . In tomato leaves there was a large decrease in the larger form of GS (Fig. 8) . Two forms of GS were 263 detected and these correspond to the plastidic (larger polypeptide) and cytosolic (smaller polypeptide) GS in tomato 264 (Bortolotti et al., 2003 ; Fig. 8) . In maize root a still smaller form of GS was also present, and this is consistent with 265 previous work which showed that this is a cytosolic GS (Sakakibara et al., 1992) . There was a large decrease in the 266 smaller form of aldolase during the senescence of tomato leaves (Fig. 8) . A larger form of aldolase was present in 267 maize roots and tomato fruits (Fig. 8) . The larger aldolase is the cytosolic enzyme and the smaller one the plastidic 268 enzyme (Famiani and Walker, 2009; Famiani et al., 2014b) . Thus the abundance of PEPC, Rubisco, plastidic GS and 269 plastidic aldolase changed in a similar way to that of PPDK (Fig. 8) . PEPCK was not detected in tomato leaves at any 270 stage of their development or senescence, and this is consistent with studies of PEPCK RNA content ( (Fig. 9) . Previous studies have shown that ICL polypeptide is present at very 296 low abundance in young tomato leaves (Nieri et al., 1997) , and hence it must be at extremely low abundance in 297 tomato flesh. We could not reliably determine how the abundance of ICL polypeptide changed in the different tissues 298 of tomato fruits during their development and senescence, and this was because of difficulties in detecting ICL on 299 13 immunoblots. The very low abundance of gyoxysomal ICL in both tomato flesh and that of other fruits, suggests that 300 in these, the conversion of pyruvate/acetyl-CoA to malate by the glyoxylate cycle is not a major pathway utilised by 301 gluconeogenesis under normal conditions of growth. However, recent studies have shown that plants also possess a 302 cytosolic form of ICL with limited sequence similarity to the glyoxysomal form (Eprintsev et al., 2015) . This enzyme 303 is thought to function in organic acid interconversions (eg oxalate synthesis in some leaves) and not in the glyoxylate 304 cycle (Eprintsev et al., 2015) . Our results do not preclude the presence of this enzyme in fruits, and indeed there is 305 evidence for the occurrence of this enzyme in banana flesh (Eprintsev et al., 2015) . 306 and this is the most likely source of this malate. Nevertheless, some malate could arise from the metabolism of amino 313 acids and amides, and evidence has been provided that the metabolism of vacuolar malate/citrate could be associated 314 with nitrogen metabolism in the flesh of fruits (Famiani et al., 2016a) . 315
In the flesh of both ripening grape and peach, citrate and/or malate accumulated before ripening can provide only a 316 small amount of substrate utilised by metabolism (Famiani et al., 2016a (Famiani et al., , 2016b (Famiani et al., , 2014a . produced is completely oxidised to CO 2 by the Krebs cycle. This is similar to the situation in the ripening flesh of 322 both grape and peach (Famiani et al., 2016a (Famiani et al., , 2016b (Famiani et al., , 2014a . Therefore, in tomato flesh glycolysis from sugars is 323 necessary throughout ripening, and this raises the question as to why gluconeogenesis (reversal of glycolysis) occurs. 324 14 For both grape and peach flesh one explanation is: the actual rate of malate/citrate dissimilation is not that shown by 325 the changes in their content as determined by two measurements done several days apart. Rather there can be short-326 term effluxes of malic/citric acid from the vacuole, and this results in a much higher rate of their dissimilation for 327 short periods of time (Famiani et al., 2016a, 2016b; Walker et al., 2015) . That is there are times when the amount of 328 malate/citrate released from the vacuole is sufficient to increase the cytosolic malate concentration to a level that 329 brings about gluconeogenesis, and during these periods malate/citrate and not sugars provides the substrate for 330 metabolism (Famiani et al., 2016a, 2016b; Walker et al., 2015) . There is evidence to support this proposal in tomato. 331
Firstly, in tomato fruits it appears that there are small diurnal changes in malate content (Farineau and Laval-Martin, 332 1977) . Secondly, reducing the amount of PEPCK activity by around 20% in ripening tomato fruits has an inhibitory 333 effect on gluconeogenesis (Osorio et al., 2013 ). This is not consistent with the observation that activity of PEPCK is 334 80-fold higher than the rate of long-term malate dissimilation (i.e. that measured over a period of several days) 335 (Bahrami et al., 2001 ). However, this is consistent with there being short-term effluxes of malate/citrate from the 336 vacuole, and that during these periods flux through PEPCK is high. 337
Radiolabelling experiments have shown that gluconeogenesis from pyruvate occurs in tomato flesh (Farineau and 338 Laval Martin, 1977) . In the leaves of some CAM plants, PPDK is utilised in gluconeogenesis from pyruvate that is 339 derived from stored vacuolar malate via the action of either cytosolic NADP-ME or mitochondrial NAD-ME 340 and NAD-ME in tomato flesh, compared to that in the flesh of these other fruits, raises the possibility that they can 348 act in concert to catalyse gluconeogenesis from malate/citrate. A recent study showed that pyruvate can be converted 349 to sugars using the PEPCK pathway in ripening tomato pericarp (Osorio et al., 2013) . Hence, it appears that a 350 proportion of pyruvate enters the Krebs cycle and is converted to OAA/malate. A proportion of this OAA/malate then 351 equilibrates with the cytosolic pool of these, and a proportion of this cytosolic pool is then utilised in gluconeogenesis 352 using PEPCK. In plants containing reduced amounts of PEPCK gluconeogenesis from pyruvate was almost abolished 353 (Osorio et al., 2013) . However, this does not preclude the utilisation of PPDK in gluconeogenesis because it is 354 possible that PPDK is only used at certain times or under certain conditions. In addition, it is also possible that as in 355 some other tissues pyruvate utilised by PPDK could be generated by amino acid metabolism (Chastain et leaf or 0.4 mg FW mature maize leaf, were subjected to SDS-PAGE. Polypeptides were then either stained in the gel 564 using Coomassie Brilliant Blue dye or transferred to Immobilon-P membrane and enzymes detected using specific 565 antisera. B) PEPCK and PPDK abundance in solanceous fruits. Extracts containing 5 µg total protein were subjected 566 to SDS-PAGE. Polypeptides were then either stained in the gel using Coomassie Brilliant Blue dye or transferred to 567
Immobilon-P membrane and enzymes detected using specific antisera. 568 = developmental stage 4). Extracts containing 5 µg total protein were subjected to SDS-PAGE. Polypeptides were 590 then transferred to Immobilon-P membrane and enzymes detected using specific antisera. B) PEPCK and PPDK in 591 the flesh of either very young tomato fruit (fruit FW 10% of that of ripe fruit) or ripe fruit (developmental stage 4). 592
Extracts containing the protein content of 5 mg FW were subjected to SDS-PAGE. Polypeptides were then 593 transferred to Immobilon-P membrane and detected using specific antisera. 594 595 Fig. 6 . PEPCK and PPDK abundance in ripe tomato pericarp post-harvest. Tomato fruits were detached from the 596 plant and incubated under darkness at 25ºC for either 3, 6 or 9 days. Extracts corresponding to 4 mg FW of tissue 597 were subjected to SDS-PAGE. Polypeptides were then either stained in the gel using Coomassie Brilliant Blue dye or 598 transferred to Immobilon-P membrane and enzymes detected using specific antisera. 599 either fruit or root were subjected to SDS-PAGE. Polypeptides were then transferred to Immobilon-P membrane and 607 enzymes detected using specific antisera. Note that the bulk of the malate and citrate in the vacuole is almost certainly synthesised from sugars. Nevertheless a 617 small proportion could arise from the carbon skeletons of amino acids and amides. 618
